Summary. Histochemical procedures for the mouse sperm enzymes hyaluronidase, esterase and acrosin were used to test the inhibitory effects of the low molecular weight hyaluronidase inhibitor sodium aurothiomalate (Myocrisin): hyaluronidase and esterase, but not acrosin, were inhibited. These enzymes were also inhibited in testis homogenates when assayed spectrophotometrically. These results suggest that the antifertility effects of sodium aurothiomalate may be due to the inhibition of several sperm enzymes including both hyaluronidase and esterase. These histochemical assays may be useful for in-vivo detection of chemicals that affect male fertility.
Introduction
Three major acrosomal enzymes, hyaluronidase (McRorie & Williams, 1974) , the corona penetrating enzyme (CPE) (Zaneveld & Williams, 1970) , now believed to be an esterase (Bradford, McRorie & Williams, 1976a, b) , and acrosin (McRorie & Williams, 1974) , may have a role in fertilization. Each of these enzymes may be required for the passage of the spermatozoon through the various layers of the ovum. Inhibitors of these enzymes should therefore prevent fertilization (Zaneveld, 1976) and may have potential as contraceptives. In the 1950s, a number of synthetic hyaluronidase inhibitors were tested to determine their effects on fertilization. The results obtained were inconclusive. One of the major problems with these inhibitors may have been their relatively high molecular weight which prevented them from reaching the enzymes they were to inhibit. However, a decrease in the in-vitro fertilization rate has been reported in the hamster and the mouse after treatment with the low molecular weight inhibitor sodium aurothiomalate (Reddy, Joyce & Zaneveld, 1980; Perreault, Zeneveld & Rogers, 1980) . Sodium aurothiomalate has also been shown to inhibit hyaluronidase in vitro (Caygill & Ali, 1969) . The advantage of this inhibitor as an antifertility compound is that it shows only moderate toxicity and it is approved by the FDA for treatment of arthritis.
The aim of this study was to determine whether the antifertility effect of this compound is due to the inhibition of hyaluronidase only or also to inhibition of other sperm enzymes such as acrosin and esterases.
Materials and Methods
Histochemical assay Sperm preparation. Mouse spermatozoa were extracted from the vasa deferentia and suspended in 1 ml sperm Ringer solution (Ficsor, Ginsberg, Oldford, Snoke & Becker, 1983) . Spermatozoa were washed twice with 10 volumes of sperm Ringer. After each washing the sperm suspension was collected by centrifugation at 600 g for 3 min. The sperm pellet was resuspended in 0-1 ml sperm (Waibel, Ginsberg & Ficsor, 1984) : 10 µ mouse sperm suspension with or without inhibitor were spread onto each substrate-film slide and incubated in a humidity chamber (wet box) for 3 h at 37°C. After incubation, the slides were fixed for 15 min in formaldehyde-acetone (20 ml of 37% formaldehyde mixed with 80 ml acetone), and stained in a solution of 0-3% toluidine blue and 0-2% fast green FCF in 80% acetonewater containing 0-5% acetic acid. The films were destained in a solution of 2% acetic acid in 80% acetone-water. The fixed and stained slides were scored for hyaluronidase activity which occurred as dark purple halos around the sperm head.
Acrosin substrate film assay. Spermatozoa were placed on gelatin-substrate films (Ficsor et al, 1983) and incubated in a wet box for 30 min at 37°C. After incubation, the slides were dipped in distilled water, stained in 0-3% toluidine blue in 0-1 M-borate buffer at pH 10, destained in distilled water and dried. The stained slides were scored for acrosin activity which appears as protein-free clear halos around the sperm head.
Esterase activity assay. The histochemical procedure for the detection of esterase activity was modified from the staining procedure of Bryan & Unnithan (1973) for esterase activities in mice: 0-5 ml 4% sodium nitrite was mixed with 0-5 ml 4% pararosanilidine HC1 in 2 N-HC1 and allowed to activate for 20 min at room temperature before being added to 10 ml 01 M-acetate buffer pH 50 with 5 µ -calcium chloride. The pH of this reaction mixture was readjusted to pH 5-0 with 1 MNaOH and 1 ml of this hexazonium reagent was mixed with 50 pi 1% naphthyl caproate dissolved in acetone. The mixture was allowed to stand for 30 min at room temperature before filtering. The enzyme reaction was started by spreading 100 µ sperm suspension on a microscope slide. After partial drying the slides were transferred to a wet box and flooded with 1 ml of the prepared incubation medium. After incubation for 2 h at 37°C the slides were rinsed in distilled water and mounted with 20% Elvanol (DuPont, Wilmington, DE, U.S.A. (Doak & Zahler, 1979) : 50 µ of a 1% hyaluronic acid solution (sodium or potassium salt) in 005 M-acetate buffer pH 3-8 and 0-15 M-sodium chloride was mixed with 10 pi 1% bovine serum albumin solution and increasing inhibitor concentrations (see 'Results'). The reaction was initiated by adding 50 pi enzyme solution and incubation was for 30 min at 37°C. The free /V-acetylglucosamine endgroups produced by hyaluronidase were estimated as described by Reissig, Strominger & Leloir (1955) .
Esterase assay. For measurement of aryl-esterase activity, the substrate 4-caproyloxy-3-methoxy-co-nitrostyrene was synthesized. The Fig. 2 . Hyaluronidase activity in presence of 10 mg sodium aurothiomalate/ml. Fig. 3 . Esterase activity, no inhibitor. Fig. 4 . Esterase activity, 10 mg sodium aurothiomalate/ml. Fig. 5 . Acrosin activity, 10 mg sodium aurothiomalate/ml (no inhibition). phenol, in 15 ml anhydrous pyridine together with 3-5 g caproyl chloride under reflux for 5 min. The hot solution was poured into ice-water and the precipitated yellow product was collected by filtra¬ tion and recrystallized from chloroform : ethanol (1:1, v/v). Esterase activity was measured using a reaction mixture of 0-2 ml of a 0-01% substrate solution in ethylene glycol added to 0-2 ml 0-1 mcitrate buffer pH 5 containing 5 µ -calcium chloride. The reaction was initiated by adding 0-1 ml enzyme solution. After incubation for 30 min at 37°C the reaction was stopped with 50 µ ice-cold nbutanol. Before reading the absorbance at 505 nm, 0-5 ml 0-5 M-Tris-HCl buffer pH 8-5 was added to develop the red colour of the product.
Results

Histochemical analysis
Sodium aurothiomalate inhibited hyaluronidase and esterase activity under the conditions tested, but acrosin activity was not affected (Text-fig. la) . With increasing inhibitor concentration, the size of the lysis areas on hyaluronic acid films decreased and became indistinct. At 10 mg/ml, lytic activity was absent (PI. Even at the concentration of 10 mg inhibitor/ml, acrosin activity was not inhibited. In contrast, the protease inhibitor TLCK (3 mg/ml) decreased the activity to small fuzzy digestion areas on the substrate films. At the concentration of 5 mg TLCK/ml the acrosin activity was completely inhibited (PI. 1, Figs 5 & 6) . TLCK in these concentrations did not show any effect on hyaluronidase or esterase activity.
Spectrophotometric analysis
Because acrosin is known to be inactive in mouse testis, the inhibition experiment with crude mouse testis was limited to the study of hyaluronidase and esterase. As expected, both hyaluronidase and esterase were inhibited by increasing concentrations of sodium aurothiomalate (Text-fig. lb (1980) found that sodium aurothiomalate inhibits fertilization of cumulus-free hamster eggs. These results suggest that (i) hyaluronidase has an additional unknown function in fertilization and/or (ii) that other enzymes necessary for fertilization may be inhibited.
Our results confirm that sodium aurothiomalate inhibits hyaluronidase activity in single mouse spermatozoa and in testicular cells (Caygill & Ali, 1969; Ghosh, Stephens & Taylor, 1975 
